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Abstract 
The ECCO Tool [1, 2] has been developed in the “ECCO – European value chain for CO2” project [3]. ECCO was a 
collaborating project under the 7th framework programme for research of the EU. The ECCO Tool is a software 
program designed to evaluate quantitatively the post-tax economics of Carbon Capture and Storage (CCS) projects 
for each of the mutually dependent actors along the CCS value chain. The main objective of ECCO is to facilitate 
robust strategic decision-making regarding early and future deployment of CO2 value chains [4].  
The tool is designed to have a level of detail that is appropriate for studying the economic feasibility of well-
defined CCS projects to be executed by commercial companies, studying whether or not to invest in (part of) the 
value chain and, if so, under which contractual conditions. The tool integrates cost engineering, transport and 
well/reservoir physics, planning (including the impact of contracts and physics on the sizing and timing of capex and 
opex), and full post-tax economics (including macro- and micro-economics).  
The ECCO Tool is also aimed at giving insight to national and European policy makers on their possible role in 
“closing the chain”,i.e., how they may contribute, through subsidies, guarantees, regulation or otherwise, to achieve a 
satisfactory risk and/or reward for the actors involved in a chain. Finally, the tool can also be used by authorities to 
estimate the potential of CCS in realizing overall policy objectives (e.g. meeting ETS objectives, amount of 
government stimulation needed, jobs created, etc).   
The subsurface module consists of three storage options, depleted gas field (DGF), aquifer and storage by 
enhanced oil recovery (EOR). In order to have a realistic behavior of the subsurface operator, automatic decision 
algorithms are included in the subsurface module. In order to meet the contractual obligations of the storage operator, 
e.g. to store a volume of CO2 within a certain period, incremental investments may be needed. These incremental 
investments depend on physical and contractual state-variables that are calculated as output of the subsurface module. 
Decision algorithms for incremental investments can be formulated such that the actual decisions are triggered as a 
function of these state variables. 
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1. Introduction 
The ECCO Tool [1,2] is a software program designed to evaluate quantitatively the post-tax economics 
of Carbon Capture and Storage (CCS) projects for each of the various mutually dependent actors along the 
CCS value chain. The tool enables the user to evaluate how different parameters affect each actor along 
the chain in different case studies in the phase of uncertainty illustrated by using different scenarios [5]. 
Actors may have contractual arrangements specifying their rights and obligations with the other actors in 
the value chain. These contracts have financial implications which can promote a fair risk vs. reward 
distribution among the actors in the value chain.  
In the ECCO Tool, CCS value chains consist of user-defined combinations of CO2 sources, modes of 
transportation, and CO2 sinks.  Sources can either be various types of power plants and/or from various 
types of industrial plants, the CO2 can be transported by onshore pipelines, offshore pipeline, and / or 
ships, and the CO2 can be injected into depleted oil fields for CO2-enhanced oil recovery, depleted gas 
fields and / or aquifers. 
The tool has mainly been designed to for generic case studies of CCS value chains [4]. However, given 
accurate data, the tool has a level of detail that could be used for studying the economic feasibility of CCS 
projects to be evaluated by commercial companies under different external conditions and contractual 
constructions. The tool integrates cost engineering, transport and well/reservoir physics, planning 
including the impact of contracts and physics on the sizing and timing of capex and opex, and full post-tax 
economics. It is assumed that the projects evaluated will be EU-ETS certified upon starting the project. 
That allows benefits from carbon trading to be accrued to the various actors in the chain. The tool outputs 
a long list of key performance indicators (KPIs) and time-series that are typically used by decision-makers 
to support their project maturation process.  
The tool is also aimed at giving insight to national and European policy-makers on their possible role 
in “closing the chain”.  In other words, how could governments contribute, through e.g. subsidies, 
guarantees, regulation, to achieve a satisfactory risk and/or reward for the actors involved in a chain. 
Finally, the tool can also be used by authorities to estimate the potential of CCS in realising overall policy 
objectives, like ETS objectives and job creation. 
When used to evaluate specific projects, it is mainly fit for decision-support. Different types of 
decisions require different types of tools. Most companies follow a “decision gate” or similar type of 
process. This process is aimed at gradually maturing a business opportunity towards a project, or to 
dispose of the opportunity. This reduces the risks of a project, rationalizes the workforce effort spent on 
project maturation, and allows the project to be redefined and optimized as further insight is being gained. 
At each decision gate, a company can strike the exit option, or strike the wait option, or decide to commit 
resources to work towards the next decision gate. A possible list of Decision Gates (DG), with their 
results and financial implications, is given in Table 1. Note that each company may have its own tailor-
made variations on this theme.  
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Table 1. Decision gates 
Starting 
point of 
process 
Targeted 
Decision 
Gate 
Definition of process Result of process Financial implications of 
passing targeted DG 
Zero DG0 Identification of 
opportunity 
Definition of the business 
opportunity + potential 
benefits; 
Approval of project 
initiation 
AFE (Approval For 
Expenditure) for executing a 
feasibility study 
DG0 DG1 Feasibility study Strategic alignment.  
Rejection, shelving or 
green light for further 
elaboration of opportunity, 
including guidelines on 
priorities areas.  
AFE for working towards DG2 
DG1 DG2 Elaboration of case: 
definition of decision 
alternatives,  
Rejection, shelving or 
green light for conceptual 
engineering 
AFE for executing the 
conceptual engineering 
DG2 DG3 Conceptual Engineering: 
detailing of main 
engineering + 
capex/opex implications 
Rejection, shelving or 
green light for detailed 
engineering 
AFE for executing the detailed 
engineering 
DG3 DG4 Detailed Engineering: 
detailing engineering of 
design + capex/opex 
implications 
Rejection, shelving or 
definition of final steps 
until project approval 
AFE for executing the last steps 
until project approval 
DG4 DG5 Corporate approval 
phase.  
Conditional on portfolio 
fit, financing of project, 
risks, etc: 
Project rejection, shelving 
or approval, leading to FID 
AFE / FID (Final Investment 
Decision) 
The ECCO Tool is assumed to be applicable for a feasibility study, leading to Decision Gate 1. It is 
expected that the ECCO Tool has been designed such that further modeling detail will not significantly 
alter the prioritization of alternative DG1 project definitions. 
The ECCO Tool can be seen as an integration platform enabling multi-disciplinary teams, who are 
evaluating chains with multiple assets, to discuss multiple decision alternatives in CCS value chain case 
studies. These evaluations can be done by modeling multiple scenarios to study the impact of uncertain 
input parameters on the pertinent decision criteria.  
In the next section the structure and  the functionality of the tool will be described, in section 3 and 4 
the focus is on the different economical behavior of a storage operator and finally the new functionality to 
be  implemented in the ECCO Tool in the near future will be described.  
2. Structure of the ECCO Tool 
The ECCO Tool is a modular based software package, which is illustrated in Figure 1. The core is 
binding the various techno-economic modules and parameters modules together in order to get a 
consistent analysis of the CO2 value chain. The structure and use of the ECCO Tool is discussed in detail 
in reference [2].   
The techno-economic modules are software implementations of the physical components of the CO2
value chain.  Each instance of these components is commonly denoted as a chainunit.  The chainunits are 
expected to interact with each other through CO2 flows and payments, regulated through contracts, and 
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produce cash flows and other output parameters needed to produce the desired KPIs at chainunit, actor 
and case level 
Core
Source Transport Storage
Macro-economic
parameter
module
Techno-
economic
modules
Figure 1: The architecture of the ECCO Tool 
Time series for economical parameters, like the price of oil, gas and electricity are provided by the macro-
economic module as a quantification of an economic scenario [5]. Different pre-set macro-economic 
scenarios are defined in the tool. These scenarios can be used to identify possible alternative futures 
modeled on uncertainties. In figure 2 three main techno-economic module types are envisaged:  
Source:  The main contribution of sources to the chain is to produce and capture CO2. CO2 may be 
produced also by other units in the value chain, but usually not to the same quantity.  Sources cannot 
receive CO2 from other components of the chain.  The two main subgroups of sources are:  
• PowerPlant
• Industry
Transport: Transport units transport CO2 from one location to another one.  Two main types of transport 
is identified:  
• Pipeline
• Shipping
Storage: This type of unit describes a place where the CO2 is stored for a longer and shorter time.  Two 
main subgroups have been identified: 
• EnhancedRecovery: I.e. enhanced oil (EOR) or gas (EGR) recovery 
• Reservoir: Depleted oil and gas fields 
• Aquifer
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Figure 2: Main techno-economical module types in the ECCO Tool 
3. The storage module in the ECCO Tool 
The storage  module is a generic, full-field CO2 injection/cashflow model for assessing  CO2 injection 
profiles under various assumptions, notably the end-of-production physical status of the depleted gas 
reservoir and aquifer. Initially, the model assumes a targeted, facility-constrained CO2-plateau injection 
rate, followed by a reservoir-constrained decline of the injection rate, controlled by the increasing 
reservoir pressure and by the injection well’s tubing head pressures. To achieve the targeted rates, either 
pre-existing wells are brought on stream after a workover, additional wells are automatically drilled, or 
additional compressor trains are installed, taking into account the replenishment of the field and, hence, 
gradually reduced well injection capacities.  
The targeted injection rates will only be achieved if the physics dictate that the injection wells can 
deliver it. At a user-defined maximum number of wells or maximum number of compression trains, it is 
no longer possible to achieve the targeted rate, and the field injection rate declines according to the change 
in material balance and well inflow equation. All injection is corrected for a constant load factor. All 
injection wells are assumed to be identical. Together they define total field injection capacity at any time 
step. The number of new wells required to achieve the targeted total field CO2 injection rate is calculated 
from the difference between the total installed injection capacity and the targeted gas injection rate. A 
user-defined safety margin can be set in order to trigger the drilling of new wells at some margin before 
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the field’s injection rate capacity has come below the target injection rate. The number of injection wells 
to be drilled each year is then used to calculate the yearly drilling expenditure (drillex) and, hence, 
depreciation, tax and net cash flow (NCF).  
4. Economics of the storage operator 
Actors depend on each other through commercial contracts. It has been decided not to model, per 
individual actor in the CCS chain, the decision-making process itself, except for certain specific 
investment decisions to be made by the Storage Operator. The reason not to model a decision-making 
process for the upstream chainunit operators (i.e. the Capture Plant Operators and Transport System 
Operators) is that they are subject to steady-state conditions and, hence, they do not need to make 
incremental investments during the life cycle of their operations in order to meet their contractual 
obligations. For the Storage Operator, however, the opposite is the case. Following their initial 
investment, they normally have to make incremental investments since their operations are subject to non-
steady-state conditions: gradually, the storage is filled up, the reservoir pressure increases and the field 
injection capacity decreases. In order to meet contractual obligation, incremental investments may have to 
be made in order to increase injection capacity or at least arrest the decline in injection capacity. These 
incremental investments depend on physical and contractual state-variables that are calculated as output of 
the storage techno economic model. Decision algorithms for such incremental investments can be 
formulated such that the decisions are triggered as a function of these state variables.  
Similarly, Storage Operators do not necessarily have a simple stopping criterion, such as a user-
specified economic life-time for the capture plant and transport operators. Here again, the decision to 
abandon the field may be based on (a combination of) physics and economics due to the non-steady-state 
nature of the subsurface operations. Therefore, also the abandonment decision has been programmed as an 
automatic decision.  
In order to model the behaviour and the investment decision of a storage operator incremental investment 
and abandonment decision algorithms for the Storage Operator have been implemented in the ECCO 
Tool. 
4.1. Type of automatic incremental investment decisions 
To meet a contract, the following automatic incremental investment decisions can be made, on top of 
the storage operator’s initial investment.  
1. Drilling additional well(s): 
• The user specifies the maximum number of incremental wells to be drilled.  
• As per decision trigger (current injection capacity < contract value times a safety or swing 
factor), the ECCO Tool then automatically drills one or more extra well(s) and capitalizes 
this in the cashflow.  
2. Constructing additional offshore platform(s) / surface location(s) 
• Additional offshore platforms are constructed based on the total number of wells drilled 
• The user only specifies the (average) number of wells per platform and the capex per 
platform.  
3. Installing compression 
• If all specified incremental wells have been drilled, compression can be installed.  
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• The user specifies 1) the number of compressor units, 2) for each unit the incremental 
pressure this delivers at the wellhead and 3) the incremental capex per unit.  
• As per decision trigger (current injection capacity < contract value times a safety factor), the 
ECCO Tool then automatically installs these compressor units and re-calculates well 
injectivity and field injectivity, capitalizes the capex in the cashflow, and calculates variable 
opex as a function of realized mass flow, pressures, temperatures, and electricity price.  
Depending on the time dependent physical state output variables, the ECCO Tool calculates which 
investments are required and when they should be made in order to meet the contract. These investments 
are then capitalized in the cashflow at the applicable time-step. From this time-step onwards, the fiscal 
depreciation starts automatically so as to calculate tax and post-tax revenue for the Storage Operator. 
Also, capex-derived opex (e.g. well workovers) is then automatically included in the cashflow.  
4.2. Type of automatic field abandonment  decisions
Unlike the capture and transport units, storage units do not have an a priori design of its economic 
lifetime. Capture and transport units are designed for a technical and economic lifetime of n years. Storage 
units are natural systems and have a lifetime that is governed by physics and by the evolving economic 
performance. The following automatic decisions related to closing-in have been programmed in the 
depleted gas field module.  
1. Close-in field 
• The user can specify the physical conditions for closing-in the field: maximum allowable 
average reservoir pressure. Typically, this is given by geomechanical considerations and is 
some user-specified pressure differential on top of the original, pre-production reservoir 
pressure. If the depleted gas field or aquifer has been filled with CO2 and the average 
reservoir pressure has reached the maximum allowable pressure, then the field is 
automatically shut-in, i.e. CO2 injection stops. 
2. Monitor post-injection phase of field 
• If the field has been closed-in, all CO2 injection stops at once. Any subsequent CO2 supply 
to the storage unit is then vented into the atmosphere. As soon as the field has been shut-in, 
the monitoring period starts. This is meant to simulate mandatory monitoring activities (i.e. 
to verify that there is no leakage) and model the associated cashflow.  
• The user supplies the number of monitoring years and the yearly monitoring opex. This 
opex is automatically included in the cashflow, starting at field close-in and ending at field 
abandonment. 
3. Abandon field 
• Once the monitoring period has come to a close, the abandonment capex is automatically 
included in the cashflow.  
• The user supplies this abandonment capex either directly.as an amount in million € or as a 
percentage of cumulative capex.  
This abandonment capex is the last expenditure in the life-cycle of the storage unit. With this information, 
the full life-cycle Discounted Cash Flow analysis can be subsequently done, leading to all key 
performance indicators for the storage operator. 4.3 Illustration of the economcis of the storage operator 
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In the figures 3 to 7, an illustration is given of the automatic decisions in the Depleted Gas Field 
module. In two cases presented below a synthetic DGF is modeled, which start injection in 2015 with 
initially one platform and three wells.  In 4 Case A no incremental wells is illustrated are modeled (see 
figure 3 and 4) . In the contrary with Case B in which the results of  maximum of six additional wells are 
presented (figure 5 and 6).  
4.3.1 Case A 
In  figure 3, one can observe the calculated field CO2 injection capacity. As a result of the filling of the 
reservoir with CO2, the injection capacity is decreasing over time. In year 2026, the injection capacity is 
equal to the target injection rate specified by the contract. Afterwards the injection capacity is lower than 
the target injection rate, which means the storage operator cannot meet the contractual injection rate 
anymore.  
In Figure 4 only one well and platform is used during injection, however in 2026 an additional 
compressor is automatically added to increase the injection capacity which was obviously not enough in 
this case.   
In order to meet the contractual arrangements of the storage operator incremental investments are 
needed which are illustrated in figure 5 and 6.  
Figure 3: Injection capacity, target injection rate and realised injection rate vs. time. In this case no 
additional wells are drilled with the consequence the injection capacity becomes lower than the target 
injection rate. 
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Figure 4: Number of wells, compressors and  platforms over the period of CO2 injection is. In this case 
the number of platforms is one and the total number of injection wells used initially is three. In the year 
2026 a compressor is installed in order to increase the injection capacity, which was not enough in this 
case. 
4.3.1 Case B 
In figure 5 and 6, the case of a DGF with only initially one platform and three wells and a maximum of 
6 additional wells is illustrated.  As a result of the reservoir CO2 filling, this injection capacity is 
decreasing  (like in Case A), until some incremental investment is done to maintain the injection capacity 
at some user-specified safety margin above the contractually agreed CO2 intake. In figure 5, the automatic 
investments are performed to maintain the injection capacity above the target rate. One can easily observe 
the increase of injection capacity is corresponding to a new well drilled in figure 6. Also the number of 
platforms is increasing over time to a total of three, because the maximum number of wells per platform is 
in this case three. And finally, 6 new wells are drilled and a compressor is installed in order to meet the 
contractual obligations. These incremental investments will be reflected in the cashflows of the storage 
operator.  
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Figure 5: : Injection capacity, target injection rate and realised injection rate vs time (legend see figure 3) 
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5.   Future of the ECCO Tool 
The ECCO Tool is now used and applied to evaluate the opportunities on the Dutch North sea, with 
some preliminary results presented in the paper of Loeve et al [6].  Probably also on more international 
projects the tool will be applied to do the first analysis and identify opportunity of CCS.  
   One of the improvements to be made  in the ECCO Tool is a more detailed economic/financial module. 
This module included options like:  
(1) The emitter has to pay a tariff to transport and store CO2. It would be of great use to calculate 
automatically a contractual tariff to transport or store CO2 by the pipeline operator/ storage operator based 
on a pre-defined internal rate of return.  In such a way the tariffs and the cashflows of all the actors can be 
evaluated in a consistent manner. Also the role of the local government by for example subsidies can be 
evaluated and quantified. 
(2) Include an economic stopping criteria if one of the actors and/or chainunits  in the CCS value chain 
has a negative cashflow for a number of consecutive years.  
(3) Incremental investments by the storage operator are now purely based on physical criteria, such an 
investment decision also needs an economic criteria. Drilling a new well in the last two years before 
closing in the storage location is in general not an economic investment.  Economic alternatives should be 
evaluated like injecting at a lower rate, investing in a new storage location etc.  
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